




DEPARTMENT O F  TI-IE INTERIOR 
BUREAU O F  RECLAMATION 

Commissioner Is Office- -Denver Laboratory Report No. I-Iyd-434 
Division of Engineering Laboratories Compiled by: P. F. Enger and 
Hydraulic Laboratory Branch T. J. Rhone 
I-Iydraulic Investigations Section Checked by: E. J. Carlson 
Denver, Colorado Reviewed by: C. W. Thomas 
June 21,  1957 Submitted by: H. M. Martin 

DESIGN, ASSEMBLY AND USE OF k PORTABLE VANE SHEAR 
TESTER LOWER-COST CANAL LINING PROGRAM 

SUMMARY 

A study under the Lower-cost Canal Lining Program to deter-  
mine the relationship between erosion of earth ma.l:erials in earth lined 
and unlined canals, and the hydraulic t ract ive forces causing erosion, 
is underway by the Hydraulic and Earth Laboratories.  Various soi ls  
properties a r e  being correlated with hydraulic conditions occuring in 
canals to improve our methods of design. One soil  property that is de- 
termined is the in-place resis tance to shear  near  the soil surface. To 
determine the maximum sheer s t r e s s  an earth material  near the su r -  
face can withstand when in place in a canal and in a saturated condition, 
a portable vane shear  tes ter  was designed and constructed. Using this 
instrument, a simple and inexpensive t e s t  in the field can be made by 
one man. 

INTRODUCTION 

To aid in the erosion-tractive force studies under the Lower- 
cost Canal Lining Program,  i t  was desired to deterrrlirle the in-place 
shear  strengths of saturated soi ls  near  che snrface in canal bottoms 
and banks. A vane shear  testing apparatus* presently in use in the 
Earth Laboratory was developed principally for foundation investiga- 
tions. The instrument is equipped for testing a t  various depths under 
a wide variety of conditions. Accurate shear  measurements a r e  made 
by controlling the ra te  of testing and providing a conlplete s t r e s s  versus  
rotation record.  The pr imary concern in the erosion and tractive force 
study is to  obtain the shear  resistance of the earth canal lining when 

9;Description and procedure available in Earth Laboratory. 
Gibbs, H. J.,  "An Apparatus and Method of Vane Shear Test-  

in2 of Soil, " Symposium In-place Shear Testing of Foundations by the 
Vane Method, American Society for Testing Materials, Publication 
STP-193. 



man to be able 10 obtain numerous, quickly made shear measurements. 
It would be unhandy to use the Earth Laboratory instrument in i ts  present 
form to obtain these measurements because of i t s  regulating equipment. 
For this reason a smaller, simplified vane shear tester ,  patterned after  
the Earth Laboratory instrument, was designed and constructed. By 
eliminating most of the regulating equipment, precise measuring devices 
and other features necessary for foundation investigations and testing a t  
varying depths, the vane shear tester  was made portable, comparatively 
light and easily operated by one man. 

The design, assembly and operation of the small portable vane 
shear tester is described in this report. 

DESIGN, ASSEMBLY AND USE O F  THE VANE SHEAR TESTER 

As shown by Figures 1 and 2, the instrument consists of a 
2-foot -long torque handle, a 5 -inch-diameter torque ring machined from 
a high yield-point steel, a dial strain gage, several 4-foot-long sections 
of 1-inch-diameter extension rods, a soil surface plate, and 3 sets  of 
vanes. The sizes of the 3 vanes are: 2 inches in diameter by 4 inches 
high; 3 inches in diameter by 4 inches high; and 4 inches in diameter by 
8 inches high. While vanes a r e  usually designed with a diameter equal 
.to one-half their length, the 3-inch by 4-inch vane was designed to fur- 
nish a vane with a shear s t ress  range between those of the other two 
vanes, and to concentrate testing near t h e  soil surface. The torque 
ring has a 318-inch-wide segment removed so  that when a torque is 
applied the ring can deflect. The amount of deflection is measured by 
t h e  dial strain gage mounted on the ring. 

The instrument is assembled in the following sequence, see  
Figures 1 and 2: 

(1) A vane of the desired size is selected and attached t~ the 
bottom of a section of the 1-inch extension rod. . 

(2) The soil surface plate is fastened in the recess  just above 
the vane. 

(3) The necessary number of additional extension rods a r e  
attached. 

(4) The torque ring and dial gage assembly a r e  attached to the 
top of the rods. 

(5) The torque handle is attached. 



o f t h e  soil to  be tc!stecl r t l ~ t i  thcl valte is gctitly pt~shccl 111ti1 ttlc: material .  
I f  necessary,  tlli? soil S L I ~ - : ' ~ C C  pl;ite may ijc t~scrl a!; a f o o t  :;1l!)pr)t3t to 
hell) pus11 the vane into the soi l  surfact:. i\ zero  rcac!ing o f  ttlc dial 
gage is r.ecordec1, and :i tol-quc is slowly and stcatiily ;ri)[~lic:cl to  thc 
torque ring by twisting thc 2 -foot-long torque hanrlltr r~lounted on top of  
the ring. The operator shoulcl makc the ra te  of' ~.ot;.ltion slow sirlcc thc 
recon-trr~ended ra te  o f  rotation lor tP~c Ear th  Lai)or:itor.y instrunrent is 
0. 1 degree pe r  seconcl. A1 thougl~ s ~ ~ e c d  control is c:onsitic?t-eci impor ti111t , 
it was neccs sar i ly climinatcd in the smallcr  i~lstl-urrlertt to adapt i t  fo r  
this study. The torque is t ransfer red  through the sy~lit ring into the ex-  
tension roc1 Fastened to thc bottom of tile ring. 'The torque i n  the rod 
causcs the vanes fastened to the lower end of tltc rod t o  t.il1.n. Tho tur11- 
irlg of the vanes is rcsistecl i n  shear- by cylinclrical Llrcil of cart11 cclu~il 
to'the periphery of t h e  vanes p l u s  t t ~ c  circular  area covcred hy thct ;lotton1 
of the vanes. 

The toi.que i s  applied until the dial  gag^ ~-c:i~(li~lff l-eacllcs a 
masinlurrl ~1nd backs off. The nlnsimuin-r readi~ig  is 1.er:c)rcled rind t11e 
difference between the zero rt?atfing ant1 the niaxirrl1111-I Is rt nieasu1.e of 
the applied torque. The split rillg was ca1ihr;~tctl to tit?tte~-minc the 
relat ionsl~ip between applieti to?-cjuc nnci rlial gage cfe1lectiun ~.c::idilig. 
This relationship is shovm by the graph on Fig~11.c: :;. Ttict torque a;)- 
pljed to the. instrulnent a t  tile tinie of masin:nn: sitt?ars str.ess is tietcr- 
minec! fro111 the masi~nunl  did.  gage seaciing and t,11c curve on Figurc 3 .  
The shear  s t r e s s  is tIicrl clotermined fr-on1 Figur.c 4 t c s i r ~ f ;  tile proper 
curve for tile vane s ize  usecf. 

Figure 5 shows tho torque ring, tho 4 - l n c i ~  'hy 8-inch vane, and 
:i tes t  Ilole that res~l l ted  from s shear  test ~ ~ c r f o r m e d  on a saturated loess 
material .  Note the smooth sides of the h o i c  ;inti thc corl-esponciing c i r -  
cular soil  co re  clinging to the vanes. 

IINALTCSIS OF' LOADS 0?< VrUCE 

Ttlc vanes a r c ~ ~ u s h e d  into 'tile soil i~nti!  t h e  su:.i':tc~ plate i s  f l u s h  
with tile soi l  surf'ac:c. Si~earing resis tance is rlcvc lop ec! on the cylin- 
dric;il surface ticscribed by the vertical edges of Lfie ::anes anti on tile 
circular  a r e a  descri1)eci by ilic bottom etij<cs. it i s  as:;u~~~eci that the 
shearing s t r c s s  i s  uniform over the suri'ac:e o f  tile r:y:irtciel. ancl the 
i;ottom circu1:tr area. Friction i~ insignificrint o t ~ d  i.s rttlglt-cted. A 
short computatio!~ of the total resisting nion~erlt fcllows: 



r .- radius of t l l ~  cylindrical surface described by the v a n e s ,  

I3 = height of thc vanes 
Ss = the unit shearing s t r e s s  over the-ent ire  surface 

The total resis t ing n~ornent rleveloped by the circular  bottom 
a r e a  T i  is: 

3 TE = Ear ss 
3 

The total resisting mornent Tc = T; + Tg or 
T, = ? ? r r Z ~ s ( ~  + 1I) 
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CALIBRATION 

The instrument was calibrated hy applying a known torque to 
the vanes and recording the dial gzge reading. The plotted average of 
12 runs i s  shown in Figure 3. Calibration 1-esults indicated a nlasinlum 
of 10 percent cieviatior. from the highest to the lowest dial gage reading 
at a given known torque. 

To establish the s t r e s s  a t  which the soil fails 1.11 shear ,  the 
torque required to turn the vanes is f i r s t  obtained f rom Figure 3 .  T h e  
torque is then used with Figure 4, which re la tes  the torque to the sheav 
s t r e s s  for each of the three  vanes. 

CONCLTJSIONS 

The relatiorz:;hij~ between shea r  resis tance of soils in earth 
c-nitls and their resis tance to erosion due to hydraulic tractive fo~aces 
is one correlation being used in a stud./ uncler the Lowel--cost Canal 
Lining Program to inlprovtt methods of desigr. of earth canals. Using 
3 portable vane shear  tes ter ,  Figure 2, designed for  this purpose, a 
simple and inexpensive field test  can be mack to determine the shear  
resls tancc of soils,  in place, and in a sa tu r ;~ ted  condition. The tes t  
can be performed by one man and does not require the extraction of 
earth samples from the canal. 



for the  special purpose of testing for the e r o s i o i ~  and tractive force 
study in earth canals. It is not considered adaptable to foundation 
testing where grea.ter control and more complete information a r e  de- 
s ired,  or  to subsurface investigations a t  varying depths. 

.: , 
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HYDRAULIC LABORATORY 
VANE SHEAR TESTER 







Figure 5 

HYDRAULIC LABORATORY 

4- BY 8-INCH VANE. SPLIT TORQUE RING AND HOLE 
RESULTING FROM SHEAR TEST. 


